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is a registered trademark. Johnson, & Crosnoe, 2003) . Under the life course paradigm, persons who are disadvantaged in early life are more likely to cumulate disadvantage throughout life and be disadvantaged in later years (Dannefer, 2003) . Previous research has often used the lack of education as a proxy for disadvantage in early life because education is usually completed early in life, it is not likely to pose a problem of reverse causation in analysis, and it can be easily measured for nearly all persons (Crimmins & Cambois, 2003; Duncan et al., 2002; Freedman & Martin, 1999; Land & Yang, 2006) . Higher levels of education can also reduce one's risk for disability, given that more educated persons are likely to avoid risks or to minimize the consequences of disease (Link & Phelan, 1995, p. 87 ).
While there is a consensus that higher education is associated with lower levels of disability in developed countries, particularly in the United States, whether the early-life disadvantage persists or even grows into old age is unsettled (Ferraro, 2006) . Minkler, Fuller-Thomson, and Guralnik (2006) found fewer years of education are associated with fewer functional limitations in old age. Wray and Blaum (2001) found education is significantly associated with ability to perform activities of daily living (ADL) among persons 51 to 60 years of age, but not among persons at least 70 years of age. Kimbro et al. (2008) found, for persons 25 to 64 years of age, education is less associated with disability for foreign-born persons than for U.S. natives.
There is still less knowledge on education and old-age disability in East and South
Asia (Kendig, 2004) . The few studies on disability in developing, Asian countries (Chalise, Saito, & Kai, 2008; Ng et al., 2006; Ofstedal et al., 2007) have mixed findings. Zimmer et al. (2004) found no association between education and physical functioning (difficulty crouching, climbing, lifting, walking) in Thailand and Philippines. In China, Liu et al. (2009) found that elderly Chinese with primary education are more likely to have functional disability (i.e., "the upper or lower limbs were missing, malformed or dysfunctional") than those with at least a high school education, but there is no difference in disability between those with primary education and those with no education. At the same time, education is negatively associated with health-promoting behavior in China:
individuals with at least a high-school education are more likely to have an unhealthy diet and limited physical activity, to smoke, and to use alcohol heavily (Kim, Symons, & Popkin, 2004) .
In Korea, Kang (2007) found that older persons with less than an elementaryschool education are more likely to have ADL limitations than those with elementaryschool education, but those with an elementary-school education do not differ significantly from those with at least a middle-school education (controlling for other health conditions and health behavior). Using the 1994 LP survey, Lee and Shinkai (2003) showed that, among persons at least 60 years of age, there was no significant difference in functional disability (i.e., combination of ADL and instrumental activities of daily living (IADL) items) between persons with less than and at least seven years of education. Also, using the LP survey, Jang, Cho, and Kawachi (2010) did not find statistically significant differences among educational groups for age-adjusted prevalence ratios for ADL disability of old men and women in 2004.
METHODS

DATA
The five data sets we use are: (Lee, 2007) . Baseline data were collected from August 1 to December 22, 2006. The study sample was drawn from the 2005 Census. To account for design effects created by stratified multistage area probability sampling, we used weights and strata in estimation.
The survey had an 89.2 percent response rate, with a total of 10,255 respondents completing the interview. For this analysis, we used the sample of 4,155 respondents at least 65 years of age.
Appendix A provides descriptive statistics for the older population in all five data sets.
VARIABLES
As noted, these surveys ask a range of ADL questions. These vary in specific topics and response categories. We summarize these questions below and present detailed descriptions in Appendix B.
The Korean Census asks respondents whether they "have any difficulty in doing"
ADLs such as, "clothing, bathing, eating, and getting around inside the home." Response categories are binary, Yes (1) and No (0).
The SSS asks respondents if they "are able to do" six ADLs: "sitting and standing, dressing, using the toilet, eating, walking inside the home, and bathing". Response categories are "I can do it by myself," "I can do it with some help," and "I cannot do it by myself."
The LP survey asks whether respondents "need assistance" when they do 12
ADLs, including 1) dressing and undressing; 2) washing face; 3) brushing teeth; 4) bathing; 5) eating; 6) repositioning or changing one's posture; 7) getting up and sitting; 8)
moving to a different position or seat and sitting down; 9) getting out of the room; 10) toilet use; 11) bowel continence; 12) bladder continence. It has three response categories:
(1) completely independent, (2) need some help, (3) completely dependent.
The KNHANES also asks whether respondents "need assistance" to perform seven ADLs: dressing, washing face, bathing, eating, getting out of bed, using the toilet, and controlling urination and defecation. It has a three-point scale that includes rather long response categories and provides free-standing special instructions for clarifying the conditions for response categories. In terms of the format and question wording, the KNHANES has the most complex data of the surveys we review.
The KLOSA has seven ADL items that are similar to those in KHNANES. These have three response categories: "No, I don't need any help," "Yes, I need help to some extent," and "Yes, I need help in every respect."
For our analysis of the prevalence of disabilities among older persons in these data sets, we created a dichotomous variable on whether old persons have a disability (yes=1). For surveys with ADLs (that is, all the surveys but the Census), we combined answers indicating partial or complete dependency in performance into a single category (coded 1) that we compared with responses of no dependency (coded 0). We defined disability as having dependency in at least one ADL.
For our independent variable, we derived an education variable with four categories: less than primary-school graduates, primary-school graduates, middle-school graduates, and high-school graduates (or higher). For the LP survey, which does not provide information on whether the respondent completed school, we used the last level of school the respondent attended as a proxy for educational attainment.
We use five control variables present in all five data sets: age (the reference category of 65-69, plus categories of 70-74, 75-79, 80-84, 85+), marital status (reference category of married, plus widowed and divorced/separated), and dummy variables for home ownership (1=yes) and urban residence (1=yes).
Data Analysis
Although these data have been used in previous studies about disability, as far as we know this is the first study comparing them. Therefore, we first show the percent of persons with at least one of the limitations and with specific limitations in each of these data sets (Table 1) . We later present disability prevalence by gender and education.
Finally, using logistic regression analysis, we estimate the association between education and odds of disability controlling for age group, marital status, home ownership, and urban residence.
<Table 1 about here: % of ADL > Table 1 presents the prevalence of any disability as well as for specific ADLs in each data set. As noted, the data differ in measurements of disability, including on number of items, duration imposed, level of difficulty, and question wordings (difficulty vs. assistance). The KCM asked one combined item about "Dressing, bathing, eating, or getting around inside the home." It shows the lowest level of prevalence of disability, 5.4
RESULTS
Prevalence of Disability
percent. For comparison, we note the U.S. Census found disability (excluding eating) among older persons to be 9.5 percent (Waldrop & Stern, 2003) . The prevalence of ADL disability was 7.5 percent for the SSS and 8.2 percent for the LP survey. The similar prevalence of ADL disability reported by the SSS and the LP survey is noteworthy because the LP survey asks about twice as many ADLs. The KLOSA and KNHANES asked about seven ADL items with similar content but with different formats and response categories. The KLOSA showed a prevalence of 10.0 percent, close to that of the LP, but well below the 17.7 percent prevalence in the KNHANES. Much of the higher prevalence of disability in the KNHANES appears to be from its high estimate of older persons needing assistance in bathing or showering, particularly in the proportion of persons needing "some" help with this activity. Bathing is typically the ADL with which older persons need the most assistance (Chen et al., 1995; Thomas, Rockwood, & McDowell, 1998; Tang et al., 1999) .
<Table 2 about here > Table 2 presents the education gradients by sex in disability for each of the five data sets. In each data set, disability appears to be higher for women, although the differences between men and women are relatively small except in the KNHANES.
Education and Disability
Disability rates for the least educated group appear to be about 2.5 times that for the most educated in all but the LP survey. The biggest difference, particularly among men, appears to be between those who did not complete primary education and those who completed that or a higher level.
<Table 3 about here > Old age is positively associated with disability for both women and men across the five data sets. Marital status and urban residence do not show consistent patterns.
Home ownership has a significantly negative effect on disability for men in the Census, KNHANES, and KLoSA, and for women in the Census and the KLoSA.
DISCUSSION
In presenting a case of an Asian country undergoing rapid population aging, this paper seeks to understand ADL prevalence as well as the relationship between education and ADL among older Koreans in five data sets. Overall, we find the relationship between education and disability to be strongest between less than primary school graduates and primary school graduates. Beyond the primary school level, the educational gradient on disability is weak. This may suggest that how education is embedded in life course could be culture-specific, a Korean version of cumulative disadvantages.
Our findings might also benefit from the context of Korean history. In rapid modernization, persons with higher socio-economic status may have fewer healthpromoting behaviors (e.g., Kim, Symons, & Popkin, 2004) . Additionally, in a collective culture, individuals are more likely to be influenced by norms, and behave according to the collective self instead of the private self (Triandis, 1989) . Individual habits of drinking and smoking, for example, may be the result of social pressure rather than of individual choices. Persons with higher levels of education, especially older ones, may find it harder to adopt health-promoting behaviors than they would in other cultures.
Even younger Koreans aged 30 to 64 show no consistent socio-economic gradient on several behavioral risk factors (Kim & Ruger, 2010) . For example, the most educated Korean men and women have the highest rates of obesity and regular exercise. Younger
Koreans also show higher educational gradient in mortality than older cohorts (Khang, Lynch, & Kaplan, 2004) . In short, in later economic transformation (Ofstedal et al., 2007) Koreans have not consistently acted in ways that fulfill the beneficial effects of education.
How do we explain the non-linear relationship between education and disability among men and the lack of a relationship among women? We speculate that, for older men whose educational achievements were accomplished during a period of rapid modernization, primary school graduation might be the most critical determinant for life course and thus for cumulative disadvantage. For women, life course might have depended more on their husbands' education rather than their own given cultural norms regarding women's place at home.
We did find that in four data sets old persons have the most difficulty in bathing.
This supports the hierarchical structure of ADL questions typically used in surveys (Wiener et al., 1990) (Jang, Cho, & Kawachi, 2010) . "Difficulty questions" have elicited higher levels of prevalence for ADL limitations than "assistance questions" have in the United States (Jette, 1994; Kovar & Lawton, 1994; Laditka & Jenkins, 2001 ) and may have also done so in the LP survey.
Despite critical importance, disability measurement and data quality issues often do not receive adequate attention from the statistical offices, and analysts have been reluctant to disclose the limitations of data partly due to the relationship with statistical organizations or due to the unavailability of details about the data (Hull, 2005) . Given a wide variation of data quality, replication by analyzing several data sets may guard against data bias and increase the credibility of findings. Future surveys may wish to include a global disability item (Verbrugge, Merrill, & Liu, 1999 ) in order to check whether different data sets yield similar results for it.
Our results should be interpreted cautiously. The weak educational gradient in disability among older Koreans may be a result of mortality selection. Because persons of lower educational attainment may have higher mortality rates, our analysis may not capture the full potential impact of educational gradients on disability. Also, we were able to control only a few variables across all five data sets in order to take full advantage of comparability across five data sets and could not fully incorporate other socioeconomic indicators (e.g., Duncan et al., 2002) or other known risk factors (Braveman et al., 2005; Fillenbaum et al., 2010) . Compared to the previous studies that include additional risk factors, our results are consistent with Kang (2007) but not with other studies that found no relationship between education and ADL limitations in Korea (Lee and Shinkai 2003; Jang, Cho, and Kawachi 2010) .
We have examined the underlying premise that there is an association between education and disability. We found widely varying prevalence of ADL limitations in different data sets and no evidence of beyond primary school graduation for older Koreans performing ADLs. Similar future studies in other East and South Asian countries may provide better understanding of the risk factors of old age disability. Given that knowledge of aging is predominantly based on Western countries (Kendig, 2004) and that there are data quality issues in Asian countries (Hull, 2005) , congruent findings based on multiple data sets may allow us to understand the extent to which social, economic, and cultural conditions affect health independent of education. This, in turn, may lead to better plans to address the challenges of rapid population aging. 
KNHANES:
1) When you put on clothes or change clothes, do you dress without help?
(1) I can take clothes from my closet/dresser and dress by myself.
1)
(2) Sometimes I need help to put on clothes.
2) (3) I always need someone else to help me dress.
-Putting on clothes: Removing clothing from closet or drawers, being able to handle zippers, buttons, and belts. 1) I am independently being able to handle zippers, buttons, and belts.
2) If someone takes out the clothing and prepares it or isn't able to handle buttons, zippers, and belts [applies to 2] 2) Can you independently wash your face, rinse your mouth, and wash your hair?
(1) I am able to do all three things by myself without any help.
(2) I can wash my face and rinse my mouth by myself but I need help washing my hair.
(3) I cannot do any of these things without help.
-Washing your face: washing your face, rinsing your mouth, washing your hair -Being able to put water on your face qualifies as washing your face.
3) Can you bathe yourself without help?
(1) I can scrub my body and take a shower without help.
The next question are applicable to persons who are 1) over 65 years of age, or 2) have had at least 3 months of inactivity, or 3) have a physical disability.
-Do you need help from others for the following actions of daily life?
(2) I can take a shower by myself but sometimes I cannot scrub my body by myself. I only receive help for one part of my body (other than the back).
2) (3) I need to rely on someone else in order to bathe.
-Bathing: Taking a bath, a shower, and using a washcloth all apply 1) Though unable to scrub the back, is able to go in and out of the bathtub without help. 2) Though able to bathe oneself, needs help going in and out of the bathing area [applies to 2] 4) When someone prepares a meal, are you able to eat without receiving help?
(1) I can eat without help.
(2) When eating fish or having to cut food, I need assistance.
(3) I always need help when eating or I often receive nutrition through tubes.
2)
-Eating: when food is prepared and ready to eat 1) Unable to use chopsticks but able to use forks and spoons without help [applies to 1] 2) Able to use forks and spoons but often spills the food when eating without help [applies to 3] 5) Are you able to get out of bed and walk from your room without receiving aid from somebody else?
(1) Yes, I am able to do this without receiving any aid. -Getting out of bed and walking out of the room 1) Having to hold on to something, such as a cane, wheelchair, or crutch, or by crawling [applies to 1] 6) Are you able to use the toilet without receiving aid?
(1) Yes, I am able to use the toilet, wipe myself, and put my clothes back on afterwards.
(2) No, I need help sitting on the toilet, wiping myself, and putting clothes back on. Whenever I use a bed pan, I need help emptying it afterwards. (3) No, even if someone helps me, I am unable to use a standard toilet and I am unable to use a bed pan -even if someone empties it for me.
-Using the toilet: performing bodily functions and being able to clean up afterwards. 1) Being able to use the toilet and empty the bed pan while using a cane, a walker, or a wheel chair 7) Are you able to control your bladder and bowel movements?
(1) Yes -I am able to control my bladder and bowel movements.
(2) Sometimes I cannot control my bladder and bowel movements.
2) (3) No -I am not able to control my bladder and bowel movements at all.
-Controlling bladder and bowel movements: having the ability to restrain oneself or restrict bodily functions when needed. 1) Able to use a catheter without help [applies to 1] 2) Incontinence happens at least once a day for bladder and once a week for bowels.
KLOSA a
Cb01. We need to understand difficulties people may have with various activities because of a health or physical problem and the help they need from others to do these activities. Please tell me whether you had any difficulty doing the following everyday activities during the last week. Exclude any difficulties that you expect to last less than three months. Because of health and memory problems, do you have any difficulty with dressing? Dressing includes taking clothes out from a closet, putting them on, buttoning up, and fastening the belt.
[ 1 ] No, I don't need any help.
[ 3 ] Yes, I need help to some extent.
[ 5 ] Yes, I need help in every respect.
Cb02. Do you have any difficulty with washing your face and hair and brushing your teeth?
Cb03. Do you have any difficulty with bathing or showering?
Cb04. Do you have any difficulty with eating, such as cutting up your food?
Cb05. Do you have any difficulty with getting out of bed and walking across a room? You may use equipment or devices to get out of bed and walk across a room.
Cb06. Do you have any difficulties with using the toilet, getting up and down? [ 1 ] No, I don't need any help.
Cb07. Do you have any difficulties with controlling urination and defecation? You may use a catheter (conduit) or a pouch by yourself.
NOTE: We have translated the survey questions of the four data sets with the exception of the KLoSA. However, these questions can be translated differently. a We also noticed that English questionnaire provided by the KLoSA, not translated by ourselves, misses the statement regarding whether the ADL can be done by oneself or with the help of another, which should appear at the end of each item. In other words, readers should be caution that, although the English questionnaire of the KLoSA shown in Appendix B seems be asking "difficulty questions," they are actually "need assistance" questions as can be discerned from the response categories. Table 2 Percent of disability prevalence rate by gender and education, Weighted 
